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[57] ABSTRACT 

A plasma display includes a mode discrimination/clock 
generator. A CRT display controller generates vertical 
and horizontal sync signals having polarities. The mode 
discrimination/clock generator discriminates the polari- 
ties of the vertical and horizontal sync signals to deter- 
mine a display resolution. Anode and cathode timing 
generators generate display timing signals in accor- 
dance with the display resolution. 

4 Claims, 14 Drawing Sheets 
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PLASMA DISPLAY CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a plasma display 
control system for driving a plasma display at the dis- 
play timing of a CRT display. 

2. Description of the Related Art 
In general, in display control of a CRT display, a 

vertical blanking period (0.008 sec to 0.0013 sec) includ- 
ing a vertical sync signal and front and back porches at 
the beginning and end of this signal is necessary. On the 
other hand, in display control of a plasma display, the 
above-mentioned long vertical blanking period is not 
required. Therefore, the plasma display and the CRT 
display have a different display timing for display drive 
control. Therefore, in a laptop type personal computer 
which has a plasma display and a CRT display which 
can be connected as an external device, a display timing 
circuit is required to control the plasma display and the 
display timing circuit must also drive the CRT display. 
Furthermore, a switching circuit for switching the dis- 
play timings is also required, resulting in a complex 
arrangement. 

In the CRT display, since a front porch (1.2 jtisec) and 
a back porch (3.81 usee) must be large to provide a 
display margin, so that if a frame is offset slightly (by 
several characters) in a horizontal or vertical direction, 
the entire frame can still be displayed. 

On the other hand, since the plasma display has no 
display margin, when the identical frame is displayed 
using the same display timing as the CRT display, the 
frame will be partially omitted and not displayed on the 
plasma display. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
plasma display control system which can display-con- 
trol a plasma display using the same display timing as 40 
for the CRT display. 

It is another object of the present invention to pro- 
vide a plasma display control system wherein when an 
identical frame is displayed at the same display timing as 
a CRT display, even if the frame is offset by several 45 
characters in the horizontal or vertical direction on the 
CRT display, the entire frame can be accurately dis- 
played on the plasma display regardless of the resolu- 
tion selected. 

In order to achieve the above objects, according to 50 
the present invention, a plasma display control system 
comprises a plasma display and allows for the optional 
connection of a CRT display regardless of which of a 
plurality of resolutions is selected. A CRT controller 
outputs vertical and horizontal sync signals and data to 55 
be displayed on the CRT display and the plasma dis- 
play. Display resolution discriminating means discrimi- 
nates between the polarities of the vertical and horizon- 
tal sync signals and determines therefrom the display 
resolution. A display timing generating means generates 60 
a display timing signal in accordance with the display 
resolution and drive means drives the plasma display 
responsive to the display timing signal. 

According to the present invention, in a personal 
computer which comprises a plasma display and allows 65 
for a CRT display to be connected thereto, an arrange- 
ment of the display control can be simplified, to pro- 
duce economical advantages. Display software (e.g„ 
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BIOS and application software) created for the CRT 
display can be used for the plasma display without any 
modifications, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and features of the present invention 
will be apparent from the following description taken in 
connection with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing the overall ar- 
rangement of a plasma display control system; 

FIG. 2 is a block diagram showing an internal ar- 
rangement of the plasma display shown in FIG. 1; 

FIGS. 3A through 3J are timing charts showing vari- 
ous signals supplied to the plasma display shown in 
FIG. 2; 

FIGS. 4A through 4R are timing charts showing 
signal states of respective portions in a plasma display 
having a display resolution of 640x480 dots; 

FIGS. 5A through SO are timing charts showing 
signal states of respective portions of a plasma display 
having a display resolution of 640 x 400 dots (or 
640X350 dots); 

FIG. 6 is a table showing the relationship between 
polarities of a vertical sync signal (VSYNC) and a hori- 
zontal sync signal (HSYNC) supplied to a mode dis- 
crimination/clock generator IS shown in FIG. 2, and 
display resolutions (640 x 480 dots/640 X 400 
dots/640 X 350 dots) discriminated on the basis of the 
polarity states, and signal durations of the respective 
portions shown in FIGS. 3A through 3J at the corre- 
sponding display resolutions; 

FIGS. 7 A through 7C are views showing display/- 
non-display areas, at the corresponding display resolu- 
tions; 

FIG. 8 is a detailed block diagram showing an inter- 
nal arrangement of the cathode timing generator shown 
in FIG. 2; 

FIGS. 9 A through 9G are timing charts showing the 
timing of signals supplied to respective portions of the 
cathode timing generator shown in FIG. 8; 

FIG. 10 is a detailed block diagram showing another 
embodiment of the cathode timing generator shown in 
FIG. 2; 

FIGS. 11 A through 11F are timing charts showing 
the timing of signals at respective portions of the cath- 
ode timing generated in the block diagram shown in 
FIG. 10; 

FIGS. 12 A through 12D are views for explaining a 
display position offset when no display period signal 
(ENAB) is used in the embodiment shown in FIG. 8; 

FIGS. 13A through 13F are views showing differ- 
ences in display position offset states between arrange- 
ments with and without using the display period signal 
(ENAB); 

FIG. 14 is a block diagram of a circuit for generating 
a vertical shift clock signal (VSC) having a smaller 
pulse width to that of the cathode timing generator to 
set a display area at a central portion of a plasma display 
when a selected display resolution is below a maximum 
display resolution of the plasma display; and 

FIGS. 15 and 16 are block diagrams of circuits for 
discriminating polarities of horizontal and vertical sync 
signals, respectively. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG- 1 is a block diagram showing the overall ar- 
rangement of a display controller according to the pres- 5 
ent invention. 

In FIG. 1, a plasma display controller 6 according to 
the present invention has a CRT controller 1 which 
outputs various display control signals for controlling 
display of a cathode ray tub* (CRT) 5 and a plasma 10 
display (FDP) 4. More specifically, the CRT controller 
1 outputs a vertical sync signal (VSYNC), a ho rizonta l 
sync signal (HSYNC), and an enable signal ( ENAB) 
indicating the output timing of display data DATA, 
which are generated according to display timings of the 15 
CRT 5, to the CRT 5 and the PDP 4 through driver 3, 
The CRT controller 1 described above may adopt the 
PVGA1 available from Paradise, U.S.A. The polarities 
(negative/positive) of the vertical sync signal (VSYNC) 
and the horizontal sync signal (HSYNC) output from 20 
the CRT controller 1 are changed in accordance with 
display resolutions (for example 640x480 dots, 
640x400 dots, and 640x350 dots shown in FIGS. 7A 
through 7C in this embodiment) of the CRT 5 and the 
PDP 4, as sho wn in FIG. 6. A clock module 2 supplies 25 
a clock signal CLK to the PDP 4 through the drive 3. 

FIG. 2 is a block diagram showing the internal ar- 
rangement of the PDP 4. 

In FIG. 2, a data buffer 11 successively receives the 
display data DATA (4 bits/pixel; 16 gradation levels) SO 
supplied from the CRT controller 1, and the outputs it 
as gradation dat a (GP ). An anode timing gen erator 1 2 
receives a clock (CLlC), a display period signal (ENAB), 
and the clock (MC) from a mode discrimination/clock 
generator 15, and outputs a horizontal shift clock (HSC) 35 
shown in FIG. 4P, a latch pulse (LP) shown in FIG. 40. 
A modulated pulse generator 13 generates a modulated 
pulse (MP) on the basis of the clock (MC) generated by 
the mode discrimination/clock generator 15. A variable 
resistor 14 performs uniform luminance adjustment for 40 
the entire gradation by changing the pulse width of the 
modulated pulse (MP) generated from the modulated 
pulse generator 13. The mode discrimination/clock 
generator 15 discriminates the display resolution of a 
display screen on the basis of a negative/positive polar- 45 
ity of the vertical sync signal (VSYNC) and the hori- 
zontal sync signal (HSYNC), outputs a mode switching 
signal (MS), and also generates various internal clocks 
(MC). A cathode ti ming ge nerator 16 receives the dis- 
play period signal (ENAB), the vertical sync signal 50 
(VSYNC), the horizontal sync signal (HSYNC), the 
mode switching signal (MS: 2 bits) generated from the 
mode discrimination/clock generator 15, and generates 
signals such as scanning data (SD), a vertical shift clock 
(VSC) for driving the cathode electrodes. A cathode 55 
driver 17 receives the scanning data (SD) and the verti- 
cal shift clock (VSC) generated from the cathode tim- 
ing generator 16, and outputs cathode pulses (CAPO 
through CAP479) for driving the cathode electrodes. 
An anode driver 18 receives the gradation data (GD) 60 
from the data buffer 11, and the horizontal shift clock 
(HSC) and the latch pulse (LP) from the anode timing 
generator 12, fetches the gradation data (GD) in its 
interna] shift register in response to the horizontal shift 
clock (HSC), latches data of 640 pixels in its internal 65 
latch circuit in response to the latch pulse (LP), and 
performs pulse-width control in accordance with the 
modulated pulse (MP) to output anode pulses (ANPO 
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through ANP639) each having a pulse width corre- 
sponding to gradation of pixel data. A display panel 19 
receives at the cathode electrodes the cathode pulses 
(CAPO through CAP479) output from the cathode 
driver 17, also receives at the anode electrodes the 
anode pulses (ANPO through ANP639), and outputs 
display data at a maximum display resolution of 
640X480 dots (16 gradation levels). 

FIGS. 3A through 3J are timing charts showing vari- 
ous timings of signals supplied to the PDP having the 
internal arrangement shown in FIG. 2. In the timing 
charts shown in FIGS. 3A through 3J, reference sym- 
bol tl denotes a one-frame period; t2, a vertical sync 
signal (VSYNC) period; t3, a vertical back porch (see 
VBP in FIG. 13B) included in a vertical blanking per- 
iod; t7, a one line display period; t5, a vertical front 
porch (see VFP in FIG, 13B) included in the vertical 
blanking period; t8, a horizontal sync signal (HSYNC) 
period; t9, a horizontal back porch (see HBP in FIG. 
13B); tlO, an effective display data width c orrespon ding 
to the duration of the display period signal (ENAB); til, 
a horizontal front porch (see HFP in FIG. 13B); t4, a 
display time in a vertical direction (effective display 
period); t6, a gap between signals VSYNC and HSYNC 
(the time from which the VSYNC signal becomes low 
to the time the HSYNC signal becomes high); tl2, a 
data setup time; tl3 t a data hold time; tl4, an enable hold 
time (high to low); tl5 f an enable setup time (high to 
low); tl6, an enable hold time (low to high); tl7, an 
enable setup time (low to high); tl8, a clock low time; 
tl9, a clock high time; and t20, a clock period. FIG. 6 
shows detailed durations of these signals. 

FIGS. 4 A through 4R are timing charts showing 
signal states of respective portions in the PDP 4 having 
a display resolution of 640 X 480 dots shown in FIG. 7A. 
Furthermore, FIGS. 5A through 50 are timing charts 
showing signal states of respective portions in the PDP 
4 a display resolution of 640 x400 dots shown in FIG. 
7B or 640 x 350 dots shown in FIG. 7C. In this embodi- 
ment, the vertical shift clock (VSC) having a shorter 
interval than a display area is generated for upper and 
lower non-display area corresponding to 40 lines of the 
display screen. 

FIG. 14 shows a circuit for generating the signal 
VSC having a pulse width smaller than that of a display 
area for a non-display area of 40 lines. A pulse generator 
43 generates the signal VSC having a smaller pulse 
width than the display area. The signal VSC from the 
generator 43 and the signal HSYNC from the CRT 
controller 1 are input to a selector 41. A count output 
from counter 47 is supplied to a selection terminal of the 
selector 41 as a selection signal. A value for counting 40 
lines is set in the counter 47 as an initial value. The 
selector 41 first selects the signal VSC from the genera- 
tor 43. Thereafter, when the counter 47 counts the 
value for 40 lines, the selector 41 outputs the signal 
HSYNC. With this arrangement, the signal VSC having 
a smaller pulse width than that for the display area can 
be generated for the non-display area of 40 lines. 

FIG. 6 is a table showing the relationship between 
polarities of the vertical sync signal (VSYNC) and the 
horizontal sync signal (HSYNC), and display resolu- 
tions (640x 480 dots/640 X 400 dots/640 X 350 dots) 
discriminated on the basis the polarity states by the 
mode discrimination/clock generator 15, and signal 
durations of the respective portions shown in FIGS. 3A 
through 3J at the corresponding display resolutions. 
Note that values in parentheses indicate those at the 
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resolution of 640 X 350 dots. These values are constants FIG. 11B and a horizontal sync signal (HSYNC) shown 

set in the CRT controller 1, and are pre-stored in a in FIG. 1IA. 

BIOS ROM (not shown). Furthermore "H" and "D" in In FIG. 10, a counter 31 generates a timing signal 

parentheses denote a HSYNC period and a clock per- (FIG. 11C) for a display period in accordance with the 

iod, respectively, as shown in FIGS. 3B and 3G. 5 vertical sync signal (VSYNC) and the horizontal sync 

The mode discrimination/cock generator 15 has cir- signal (HSYNC). A F/F 32 extracts a timing signal of a 

cuits shown in FIGS. 15 and 16. FIG. 15 shows a circuit First display period after generation of the vertical sync 

for discriminating the polarity of the signal VSYNC. signal (VSYNC) from the signal 35 generated by the 

The circuit shown in FIG. 15 comprises a counter 51 counter 31 and the vertical sync signal (VSYNC) so as 

and a comparator 53. FIG. 16 shows a circuit for dis- 10 to generate a timing signal 36 (FIG. 11D) for generating 

criminating the polarity of the signal HSYNC. The the vertical shift clock (VSC) and the scanning data 

circuit shown in FIG. 16 comprises a counter 55 and a (SD). An AND gate 33 generates the vertical shift 

comparator 57. The counter 51 counts the number of clock (VSC) in accordance with the signal 36 generates 

pulses of the signal HSYNC when the signal VSYNC is by the F/F 32 and the horizontal sync signal (HSYNC). 

at low level, and counts that of the signals HSYNC 15 A F/F 34 generates the scanning data (SD) shown in 

when the signal VSYNC is at high level, and both the FIG. 11F in accordance with the vertical shift block 

counts are compared by the comparator 53, thereby (VSC) generated by the F/F 32. 

discriminating the polarity of the signal VSYNC. Simi- FIGS. 12A through 12D are views for explaining a 

larly, the number of the signals CLK when the signal display position offset when no display period signal 

HSYNC is at low level and that of the signals CLK 20 (ENAB) is used. In FIG. 12A the horizontal sync signal 

when the HSYNC is at high level are respectively (HSYNC) is normal, and in FIG. 12B the horizontal 

counted by the counter 55 and the count values are sync signal is shifted. Even if a display position is 

compared by the comparator 57, thereby discriminating slightly offset on the screen of the CRT 5 due to the 

the polarity of the signal HSYNC. shifted horizontal sync signal (HSYNC) described 

FIGS. 7A through 7C show the relationship of the 25 above, display data is not partially omitted (FIG. 13D). 

display/nondisplay areas at the corresponding display However, on the PDP 4, even if the display position is 

resolutions (640x480 dots/640 X 400 dots/640 X 350 offset slightly, display data is partially omitted (FIG. 

dots). FIG. 7 A corresponds to the resolution of 13C). In contrast to this, when the display period signal 

640 X 480 dots, FIG. 7B corresponds to the resolution of (ENAB) is used, the effective display period is desig- 

640X400 dots, and FIG. 7C corresponds to the resolu- 30 nated, and the effective display data can be synchro- 

tion of 640x350 dots. When the display resolution is nized with the display timing. Therefore, as shown in 

lower than the physically maximum resolution on the FIGS. 13E and 13F, the display position is not offset on 

display panel 19, such as 640x400 dots or 640x350 the screen of the CRT 5, and data can always be dis- 

dots, display control is performed so that the display played at a normal position. 

area is always located a the center of the screen. Note 35 FIGS. 13A through 13F show differences in display 

that hatched portions in FIGS. 7B and 7C are present position offset states between arrangem ents with and 

non-display areas. without using the display period signal (ENAB). FIG. 

FIG. 8 is a detailed block diagram of the cathode 13A shows a display state on the PDP 4 in a normal 

timing generator 16. state, and FIG. 13B shows a display of the CRT 5 in a 

In FIG. 8, a flip-flop (F/F) 21 outputs a generation 40 normal state, FIG. 13C shows a display state (a broken 

timing signal 25 of the vertical shift clock (VSC) shown line portion indicates a portion corresponding to data 

in FIG. 9D in accordance with the vertical sync signal omission) of the PDP 4 when a display position is offset 

(VSY NC) sho wn in FIG. 9B and the display period due to the shifted horizontal sync signal (HSY NC) in a n 

signal (ENAB) shown in FIG. 9C. An AND gate 22 arrangement using no display period signal (ENAB), 

generates the vertical shift clock (VSC) shown in FIG. 45 and FIG. 13D shows a display state of the CRT 5 under 

9E in accordance with the signal 25 output from the similar conditions. FIG. 13E shows a display state (free 

F/F 21 and the horizontal sync signal (HSYNC) shown from display data omission) of the PDP when the dis- 

in FIG. 9A. A F/F 23 generates a timing signal 26 of the play position is offset due to the shifted horizontal sync 

scanning data (SD) shown in FIG. 9F in accordance signal (HSYN C) in a n arrangement using the display 

with the verti cal syn c signal (VSYNC) and the display 50 period signal (ENAB), and FIG. 13F shows a display 

period signal (ENAB). A F/F 24 generates the scanning state of the CRT under similar conditions, 

data (SD) shown in FIG. 9G in accordance with the The operations of the first and second embodiments 

signal 26 output from the F/F 23 and the vertical shift of the present invention will now be described with 

clock (VSC) output from the AND gate 22. reference to FIGS. 1 through 13F, 

Note that the anode timing generator 12 has the same 55 The CRT controller 1 supplies the vertical sync sig- 
intemal arrangement as that of the cathode timing gen- nal (VSYNC), the horizontal sync signal (HSYNC), 
erator 16 shown in FIG. 8, and can be realized by re- display data (DATA), and the like, which are the dis- 
placing the vertical sync signal (VSYNC) with the play timing signal of the CRT 5, to the PDP 4 and the 
horizontal sync signal (HSYNC) an d the horizontal CRT 5 through the driver 3. In this case, the polarities 
sync signal (HSYNC) with the clock (CLK) in FIG. 8. 60 (positive/negative) of the vertical sync signal (VSYNC) 

FIG. 10 shows another embodiment of the cathode and the horizontal sync signal (HSYNC) are changed in 
timing generator 16. In the embodiment shown in FIG. accordance with the display resolutions of the PDP 4 
8, the vertical shift clock (VSC) and the scanning data (640x 480 dots/640 X 400 dots/640 X 350 dots) shown in 
(SD) are generated using the display period signal FIGS. 7A through 7C, as shown in FIG. 6. In other 
(ENAB). In the embodiment shown in FIG. 10, a verti- 65 words, the CRT controller 1 is designed to change the 
cal shift clock (VSC) shown in FIG. HE and scanning polarities of the signals HSYNC and VSYNC in accor- 
data (SD) shown in FIG. 11F are generated in accor- dance with the display resolutions of the PDP 4. Fur- 
dance with a vertical sync signal (VSYNC) shown in thermore, the CRT controller 1 supplies the display 
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period signal (ENAB) for design ating th e effective dis- 
play period of the display data (DATA) to the PDP 4 
through the driver 3. The clock module 2 supplies the 
clock signal CLK to the PDP 4 through the driver 3. 

The PDP 4 receives the various signals generated as 
the display timings of the CRT 5, and drives the display 
panel 19 in accorda nce with these signals. 

The display data (DATA) (4 bits/pixel; 16 gradation 
levels) is sent to the anode driver 18 through the data 
buffer 11 as the gradation data (GD). 

The anode timing generator 12 rece ives the clock 
(CLK), the display period signal (ENAB), and the clock 
(MC) from the mode discrimination/clock generator 
15, and generates the horizontal shift clock (HSC), the 
latch pulse (LP), and the like. The generator 12 outputs 
the generated signals to the anode driver 18. 

The modulated pulse generator 13 generates the mod- 
ulated pulse (MP) on the basis of the clock (MC) gener- 
ated by the mode discrimination/clock generator 15, 
and outputs it to the anode driver 18. In this case, the 
pulse interval of the modulated pulse (MP) generated 
by the modulated pulse generator 13 can be used for 
uniform luminance adjustment over the entire gradation 
levels by the luminance adjustment variable resistor 14. 

The mode discrimination/clock generator 15 discrim- 
inates the display resolution (FIG. 7) on the basis of the 
positive/negative polarities (FIG. 6) of the vertical sync 
signal (VSYNC) and the horizontal sync signal 
(VSYNC), and outputs the mode switching signal (MS). 
More specifically, when both the vertical sync signal 
(VSYNC) and the horizontal sync signal (HSYNC) 
have a negative polarity, the mode discrimination/- 
clock generator 15 determines that the display resolu- 
tion is 640X480 dots shown in FIG. 7B. When the 
vertical sync signal (VSYNC) has a positive polarity 
and the horizontal sync signal (HSYNC) has a negative 
polarity, the generator 15 determines that the display 
resolution is 640x400 dots shown in FIG. 7B. When 
the vertical sync signal (VSYNC) has a negative polar- 
ity and the horizontal sync signal (HSYNC) has a posi- 
tive polarity, the generator 15 determines that the dis- 
play resolution is 640 X 350 dots shown in FIG. 7C. The 
generator 15 supplies the mode switching signal (MS) to 
the cathode timing generator 16 together with the verti- 
cal sync signal (VSYNC) and the horizontal sync signal 
(HSYNC). 

The cathode ti ming ge nerator 16 receives the display 
period signal (ENAB), the vertical sync signal 
(VSYNC), the horizontal sync signal (HSYNC), the 
mode switching signal (MS: 2 bits), which are output 
from the mode discrimination/clock generator 15, and 
generates signals, such as the scanning data (SD) 
(FIGS. 4C and 5C), the vertical shift clock (VSC) 
(FIGS. 4B and 5B), and the like, for driving the cathode 
electrodes of the display panel 19. The generator 16 
supplies these signals to the cathode driver 17. 

The cathode driver 17 receives the scanning data 
(SD) and the vertical shift clock (VSC) generated by 
the cathode timing generator 16, and outputs the cath- 
ode pulses (CAPO through CAP479) (FIGS. 4D 
through 4G and FIGS. 5D through 5K) for driving the 
cathode electrodes. 

FIG. 8 shows the internal arrangement of the cathode 
timing generator 16. Outputs Q of the F/Fs 21 and 23 
go to low level, as shown in FIGS 9D and 9F, in re- 
sponse to the trailing edge of the signal VSYNC shown 
in FIG. 9B. An output Q of the F/F 21 is input to one 
input of the AND gate 22. As a result, during a low- 
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level period of the Q output of the F/F 21, the signal 
VSC is not generated, as shown in FIG. 9E. The signal 
ENAB shown in FIG. 9C is applied to CLK input ter- 
minals of the F/Fs 21 and 23. For this reason, the Q 

5 output of the F/ F 23 go es to high level at the trailing 
edge of the signal ENAB, as shown in FIG. 9F, and the 
Q output of the F /F 21 go es to high level at the trailing 
edge of the signal ENAB, as shown in FIG. 9D. Since 
the Q output (high level) of the F/F 23 is applied to the 

10 CLK terminal of the F/F 24, the F/F 24 raises the 
signal SD, as shown in FIG. 9G. Since the Q output of 
the F/F 21 is input to one input of the AND gate 22, the 
signal VSC is generated, as shown in FIG. 9E, Since the 
high-level signal VSC is supplied to a CLR terminal of 

15 the F/F 24, the signal SD goes to low level, as shown in 
FIG. 9G. In this manner, the vertical blanking period 
and th e effect ive display period are distinguished by the 
signal ENAB, and display data (scanning data) can be 
extracted. 

20 On the other hand, the anode driver 18 receives the 
gradation data (GD) from the data buffer 11, the hori- 
zontal shift clock (HSC) and the latch pulse (LP) from 
the anode timing generator 12, and the modulated pulse 
(MP) from the modulated pulse generator 13, fetches 

25 the gradation data (GD) in its internal shift register in 
response to the horizontal shift clock (HSC), latches 
data of 640 pixels in its internal latch circuit in response 
to the latch pulse (LP), and performs pulse-width con- 
trol in accordance with the modulated pulse (MP) so as 

30 to output the anode pulses (ANPO through ANP639) 
each having a pulse width corresponding to gradation 
of pixel data. 

The display panel 19 receives the cathode pulses 
(CAPO through CAP479) output from the cathode 

35 driver 17 at the cathode electrodes, also receives the 
anode pulses (ANPO through ANP639) at the anode 
electrodes, and outputs display data at a maximum dis- 
play resolution of 640 x 480 dots (16 gradation levels). 
FIGS. 3A through 3 J are timing charts showing tim- 

40 ings of the various signals supplied to the PDP 4, and 
preset signal durations vary as shown in FIG. 6 in 
(640x 480 dots/640 X 400 dots/640 X 350 dots). 

FIGS. 4A through 4R show signal states of the re- 
spective portions in the PDP 4 at the display resolution 

45 of 640 X 480 dots (FIG. 7A), and FIGS. 5A through 50 
show signal states of the respective portions in the PDP 
4 at the display resolution of 640 X 400 dots (FIG. 7B) or 
640X350 dots (FIG. 7C). Note that values in parenthe- 
ses indicate those at the resolution of 640 X 350 dots. In 

50 FIGS. 5A through 50, the vertical shift clock (VSC) 
having a shorter interval than a display area is gener- 
ated for upper and lower nondisplay areas (hatched 
portions shown in FIGS, 7B and 7C) corresponding to 
40 lines (or 65 lines) of the display screen, so that the 

55 operation timing of the display area is not suppressed. In 
this embodiment, each of the one-frame periods tl of the 
display resolutions of 640x480 dots (FIG. 7B) and 
640X350 dots (FIG. 7C) is shorter than the one-frame 
period tl of the display resolution of 640x480 dots 

60 (FIG. 7A), as can be seen from FIG. 6. In this case, the 
one-frame period tl at the display resolution of 
640x480 dots corresponds to 60 frames per second, 
while the one-frame periods tl at the display resolutions 
of 640x400 dots and 640 x 350 dots correspond to 70 

65 frames per second each. This coincides with the display 
timing of the CRT 5. 

The various constants shown in FIG. 6 are set so that 
a display area is always located at the center of the 
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screen when the display resolution is lower than the 
physically maximum resolution on the display panel 19 
like 640X400 dots or 640X 350 dots. 

FIG. 10 and FIGS. 11A through 11F respectively 
show the arrangement of the cathode timing generator 5 
according to another embodiment of the present inven- 
tion, and its timing charts. 

In this embodiment, no display period signal is used, 
and the vertical shift clock (VSC) and the scanning data 
(SD) are generated on the basis of the vertical sync 
signal (VSYNC) and the horizontal sync signal 
(HSYNC). 

More specifically, the signal VSYNC shown in FIG. 
11B is supplied to CLR terminals of counters 31 and 32, 15 
and the signal HSYNC shown in FIG. 11A is supplied 
to a CLK terminal of the counter 31 and is also input to 
one input of an AND gate 33. As a result, as shown in 
FIG. 11C, the output from the counter 31 goes to low 
level at the trailing edge of the signal VSYNC, and the 2 n 
counter 31 counts the signal HSYNC. When the 
counter 31 counts a predetermined count (the period t3 
(vertical back porch) shown in FIG. 6 } i.e., 32H 
<1H = 32 msec) for 640x 480 dots, 34H for 640x400 
dots, and 59H for 640x350 dots), it supplies a carry 25 
signal to a CLK input terminal of the F/F 32. As a 
result, the Q output signal from the F/F 32 goes to low 
level at the trailing edge of the signal VSYNC, and goes 
to high level at the leading edge of the output from the 
counter 31, as shown in FIG. 11D. The high-level signal 30 
from the F/F 32 is supplied to the other input terminal 
of the AND gate 33 and a CLK input terminal of an 
F/F 34. As a result, as shown in FIG. 11F, the signal 
SD, the Q output of the F/F 34, goes to high level, the 
AND gate 33 outputs the signal VSC shown in FIG. 35 
HE which is delayed by one period of the signal 
HSYNC, and the first clock of the signal VSC is sup- 
plied to the CLR terminal of the F/F 34. Therefore, the 
signal SD goes to low level, as shown in FIG. 11F. In ^ 
this manner, the back porch period following the verti- 
cal sync signal is detected by the counter 31. 

An o ffset of a display position when no display period 
signal (ENAB) is used will be described below with 
reference to FIGS. 12A through 12D and FIGS, 13A 45 
through 13F. When the horizontal sync signal 
(HSYNC) is shifted from the normal state shown in 
FIGS. 12A and 12B to a state shown in FIGS. 12C and 
12D, display data is not partially omitted even if a dis- 
play position is slightly offset on the screen of the CRT 50 
5 (FIG. 13D). However, display data is partially omit- 
ted even if the display position is slightly offset on the 
screen of the PDP 4 (FIG. 1 3C). In contrast to this, 
when the signal period signal (ENAB) is used as in the 
embodiment described above, the effective display 3D), 55 
the display position is not offset on the screen of the 



PDP 4, and data can always be displayed at a normal 
position. 
I claim: 

1. A plasma display control system which has a 
plasma display, allows a CRT display to be connected 
thereto as an option, and has a plurality of selectable 
display resolutions, comprising: 

a CRT display controller for outputting vertical and 
horizontal sync signals and data signals for data to 
be displayed by said CRT display and said plasma 
display; 

display resolution discriminating means for discrimi- 
nating the polarities of the vertical and horizontal 
sync signals output from said CRT controller, and 
determining a display resolution in accordance 
with the combination of polarities of the signals, 
said display resolution discriminating means in- 
cluding: 

a first counter for counting a first number of hori- 
zontal sync pulses when the vertical sync signal 
is at a first level, and counting a second number 
of horizontal sync pluses when the vertical sync 
signal is at a second level; 

a first comparator for receiving and comparing the 
first and second numbers, thereby discriminating 
the polarity of the vertical sync signals; 

a second counter for counting a first number of 
clock pulses when the horizontal sync signal is at 
a first level and a second number of clock pulses 
when the horizontal sync signal is at a second 
level; and 

a second comparator for receiving and comparing 
the first and second number of the clock pulses, 
thereby discriminating the polarities of the hori- 
zontal sync signal; 
display timing generating means for generating a 
display timing signal in accordance with the dis- 
play resolution determined by said display resolu- 
tion discriminating means; and 
drive means for driving said plasma display respon- 
sive to the display timing signal generated by said 
display timing generating means. 

2. A system according to claim 1, wherein said dis- 
play resolution discriminating means, said display tim- 
ing signal generating means, and said drive means are 
incorporated in said plasma display. 

3. A system according to claim 1, wherein selectable 
display resolutions include 640x 350 dots, 640x400 
dots, and 640 x 480 dots. 

4. A system according to claim 1, wherein said dis- 
play timing signal generating means generates the dis- 
play timing signal so that a display area is set at a central 
position of said plasma display when the display resolu- 
tion is below a maximum display resolution of said 
plasma display. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,111,190 
DATED : May 05, 1992 

INVENTOR(S) : Hiroki Zenda 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



On the title page: 

Item [75] Inventor, change "Hamura" to — Tokyo — . 

Item [21] Appl . No., change "335,613" to — 355,613 — . 

Claim 1, column 10, line 22, change "pluses" to — pulses- 



Attest: 



Signed and Sealed this 
Twenty-sixth Day of October, 1993 



Attesting Officer 



BRUCE LEHMAN 

Commissioner of Paienrs and Trademarks 



